The helicity density of the strange quark sea in the proton has been extracted from measurements of polarized semi-inclusive production of charged kaons in deep inelastic scattering of positrons from a polarized deuteron target. The isoscalar nature of the deuteron (assuming isospin symmetry) and lack of isospin for strange quarks allows the deuteron target to be used independently without relying on fragmentation models or other experimental data. In the region of measurement x >0.02 the helicity density is zero within the experimental error and agrees with a previous five flavor extraction performed by HERMES. The first moment of the axial charge in the measured region is substantially less than that inferred from LO (NLO) QCD fits that cover the entire x-range.
Introduction
Since the discovery of nucleon substructure, at SLAC in the 1960s, there has been a large body of experimental work done to measure the sizes of the different partonic contributions. In particular, early measurements of the polarized structure function g 1 by EMC showed that little or none of the polarization of the proton (a spin 1/2 fermion) was inherited from its quarks' spins. A second generation of polarized parton distribution function (PDF) measurements demonstrated that the initial so called "spincrisis" was really more of a "spin-puzzle" because the quark polarizations do contribute ∼ 30% of the total polarization. In turn, this has led us to search for the remaining contributions to the proton's spin which satisfy the conservation equation:
Here ∆Σ describes the contribution from the quarks' spins, L q represents quark orbital angular momentum and J g represents the contribution from gluon polarization and orbital angular momentum.
One particularly successful technique for studying the flavor dependence of the quark polarizations is polarized semi-inclusive deep inelastic scattering (SIDIS). In polarized SIDIS a polarized electron interacts with a quark inside a polarized nucleon via the exchange of a virtual photon and the quark is knocked free of the nucleon, creating a jet of hadrons via fragmentation. The DIS region is characterized by a large four-momentum exchange (Q 2 > 1 GeV 2 ) between the virtual photon and the quark and by a large final-state invariant mass (W 2 > 4 GeV 2 ) which ensures that the nucleon has been broken apart. With this method, one can distinguish the quark spins that are aligned with the target nucleon spin from those anti-aligned by measuring asymmetries in target spin state production. This double spin asymmetry can be written as:
Quark flavor information can be gained by "tagging" via an observed final state hadron h, exploiting the fact that the fragmentation functions provide a link between the struck parton flavor and the final-state hadron species.
A fragmentation function (D h q ) is defined to be the number density for the final-state production of a hadron of type h when a quark of flavor q is struck.
This technique has been applied using the HERMES spectrometer, which is positioned in the east experimental hall of the HERA ring in Hamburg, Germany. The 27.6 Gev self-polarizing electrons of the HERA ring are scattered off internal polarized gas targets ( 1 H, 2 H) produced using an atomic beam source (ABS)
1 . The scattered beam lepton and one or more coincident final-state hadrons are detected by the spectrometer. Leptons are identified with greater than 98% efficiency at a hadron contamination of less than 1%
2 . Since 1997 the hadron species of protons, pions and kaons can be separately identified using a dual-radiator ring imagingČerenkov detector (RICH) 3 . Before the installation of the RICH a thresholdČerenkov allowed only for the separation of pions from heavier hadrons 2 .
5-flavor ∆q separation
In 2001, HERMES published the first 5-flavor separation of quark polarizations. The values were extracted using the so called "Purity Method" in which the double spin asymmetry (Eq. (1)) for hadron production is rewritten in terms of completely unpolarized quantities (purities) and the fractional quark polarizations:
The purities P h q represent the probability that an observed hadron h originated from the scattering off a quark of flavor q from the target, and depend only on spin-independent quantities. A total of eight asymmetries on two
) were measured by the HERMES collaboration. Using these asymmetries, the assumption of isospin symmetry, and some set of generated or measured purities, one can minimize a χ 2 comparison by varying the fractional quark polarizations until an acceptable stable solution is reached.
For the HERMES analysis, the purities were generated from a MonteCarlo simulation using LEPTO 4 to produce the hard scattering event and JETSET 5 , which is based on the LUND string model, to simulate the fragmentation process. These simulation tools' phenomenological parameters were tuned using a genetic search algorithm 6 , such that the difference between the unpolarized hadron multiplicities from the simulation and those measured at HERMES were minimized.
The results of this measurement are presented in Figure 1 . The u-quark helicity distribution is large and positive, while the d-quark distribution is small and negative, which is consistent with LO (NLO) QCD analyses of inclusive data. All of the sea quark polarizations are consistent with zero.
Isoscalar Analysis
The deuteron's lack of isospin makes it ideal for extracting information about the strange quark polarizations. At leading order, the inclusive asymmetry may be written
The asymmetry for the production of K + and K − combined (denoted "K") may be written
where charge-conjugation symmetry has been assumed for the kaon fragmentation functions: D 
The extraction of the strange (∆S(x)) and non-strange (∆Q(x)) PDFs becomes a simple algebraic problem if the fragmentation function integral values D K Q and D K S are available. In this analysis, these two fragmentation function integrals were extracted from HERMES unpolarized data by fitting them to the measured charged-kaon multiplicities (Eq. (6)), using the CTEQ6L 7 unpolarized PDFs to provide Q(x) and S(x):
The results of this extraction are shown in Figure 2 . They are consistent with the previous HERMES result, and provide a simulation-independent confirmation of the previously measured s-quark polarization.
Conclusions
The vanishing strange polarization measured by the HERMES collaboration in both the 5-flavor purity extraction and the isoscalar deuteron ex-traction are consistent with zero over the measured x range. This result is in contrast to the predictions of LO (NLO) QCD analyses on inclusive g 1 data which favor a negative first moment (∆s) for the strange quark polarization. This inconsistency may be resolved in two ways. First we must note that the predictions from inclusive data depend on the assumption of SU(3) symmetry for the hyperon octet, which is known to be only an approximate symmetry. It has been suggested 8 however that even if this symmetry is broken at the 20% level, the HERMES result is still not compatible with the global fits. The other degree of freedom is the extrapolation of the HERMES data into the unmeasured x-region 9 . In both of the analyses the moment is only calculated in the measured region, which allows for a large negative contribution from the unmeasured low-x region. The question becomes whether or not the strange polarization distribution that is required in the unmeasured region lies within the positivity bound (|∆s/s| < 1). As s(x) rises dramatically at low x, a large contribution to the first moment of ∆s(x) is entirely possible. Unfortunately the mixing of two effects makes it difficult to quantify the SU(3) breaking observed at HERMES without more precise knowledge on the strange distribution for x < 0.23. Future measurements in this region are very valuable and will help to quantify the SU(3) symmetry-breaking magnitude (if any) that HERMES observes.
In conclusion, HERMES has extracted the first 5-flavor polarized-quark distributions for the nucleon. Additionally, a second analysis was performed to extract the polarized strange density using a different, simulationindependent technique. The results of the two analyses are fully consistent, as well as being compatible with LO (NLO) QCD fits, within the measured x region.
